Background: Cardiomyopathy is the main cause of heart failure in developing countries, mainly in Africa. In those areas the concept of "tropical cardiomyopathy" is still used to design all unexplained cardiomyopathy. The primary aim of this review is first to review the main etiologies of cardiomyopathies observed in tropical countries and second to gain a better understanding of the nosological place of the so-called "tropical cardiomyopathies" in the current framework of cardiomyopathies. Methods and Results: We reviewed relevant references over the last forty years (June, 1976 to May 2012. Given literature data, endomyocardial fibrosis (EMF) is mainly diagnosed in sub-Saharan countries, as well as Brazil and India. Peripartum cardiomyopathy (PPCM) is observed with a higher prevalence than in temperate countries. Sickle cell anemia does not induce specific cardiomyopathy in all echocardiographic studies. Malnutrition and chronic anemia can induce reversible cardiac dysfunction. Myocardial involvement in parasitic infections is restricted to Chagas disease and probably to human African trypanosomiasis. Helminthiasis is not involved in the pathogenesis of cardiomyopathy except for the deleterious effect of high eosinophilia induced by some endemic diseases (filariasis, schistosomiasis). Primary cardiomyopathies (dilated, hypertrophic, and restrictive cardiomyopathy) have no specificity. Arrhythmogenic right ventricular dysplasia and left ventricular noncompaction are also reported and do not differ from elsewhere. Conclusions: The concept of tropical cardiomyopathy is no longer relevant as most of the cardiomyopathies observed in tropical countries have no specificity, with few exceptions (PPCM, EMF, Chagas disease). In this context, the European Society of Cardiology classification offers a simpler clinical approach and allows the inclusion of the rare tropical specificities.
Introduction
Tropical developing countries are undergoing an epidemiological transition with an alarming rise in coronary disease, hypertension, and diabetes. Meanwhile, despite some hope to control infectious and parasitic diseases, these remain as significant as in the past [1] . In this context, cardiomyopathy, which is the leading cause of cardiac dysfunction in these parts of the world, is a topic of substantial importance. Cardiomyopathies present many challenges to the practitioner. The first one is the lack of adequate diagnostic tests. Invasive techniques, particularly those involving coronary angiography and histology, are not available in most of these countries. The second challenge has to do with the role of infectious and parasitic diseases in the genesis of cardiomyopathy in the tropics. Although the determining role of HIV and opportunistic infections in cardiomyopathy is well established, the same cannot be said of many parasitic diseases for which the pathogenetic mechanism has been extensively reviewed. Furthermore, insufficient resources and limited access to medical care preclude appropriate management, and the chances of transplantation are essentially nil. Moreover, a large number of terms were used to refer to heart failure of unknown etiology in the tropics. "Cardiomyopathy" was initially used to designate all idiopathic heart disease. "Primary parietal en-domyocarditis" was favored over endomyocardial fibrosis (EMF) because the fibrous lesions affected the endocardium and the benefits of surgical decortication were undeniable, which would not have been the case if the myocardium had been anatomically injured [2] . The onset of cardiomyopathy has also been attributed to numerous parasitic diseases based on fragmented histological data. This is why the framework of the so-called "tropical" cardiomyopathies prevailed for a long time [3] , adding confusion to the cardiomyopathy concept. For all these reasons, and in view of recent advances, the objective of this paper is first to summarize the etiologies of the main cardiomyopathies observed in tropical countries and second to examine whether the concept of "tropical cardiomyopathy" is still relevant in the current framework of cardiomyopathies.
Classification of Cardiomyopathies
Cardiomyopathies constitute an entity which includes myocardial disorders associated with structural or functional abnormalities of the heart muscle and not associated with hypertension or coronary artery, valvular, or congenital heart disease. For several decades, the nosology of cardiomyopathies remained controversial. Consensus was first achieved in 1995 with the WHO classification [4] . For the first time, nosological clarification began to emerge as two main cardiomyopathy groups were differentiated. Primary cardiomyopathies include dilated, hypertrophic, and restrictive cardiomyopathy (DCM, HCM, and RCM, respectively), as well as arrhythmogenic right ventricular dysplasia (ARVD). Secondary cardiomyopathies include a large number of disorders. There is no question that this classification was helpful, but after a few years it became obsolete because new diseases were identified that could induce fatal ventricular arrhythmias (e.g., Brugada syndrome, long-QT syndrome, short-QT syndrome…). This is why, in 2006, the American Heart Association (AHA) proposed a new classification, which took into account the previous decade's advances by including channelopathies [5] .
The new definition of cardiomyopathies, which arose from the AHA experts consensus, is the following: "Cardiomyopathies are a heterogeneous group of diseases of the myocardium associated with mechanical and/or electrical dysfunction that usually (but not invariably) exhibit inappropriate ventricular hypertrophy or dilatation and are due to a variety of causes that frequently are genetic." The AHA distinguishes two major groups of cardiomyopathies. The first group, primary cardiomyopathies, includes the following: -Genetic cardiomyopathies, represented mostly by HCM, ARVD, left ventricular noncompaction (LVNC), mitochondrial cardiomyopathies, and channelopathies (Brugada syndrome, long-QT and short-QT syndrome, and Coumel syndrome characterized by catecholaminergic polymorphic ventricular tachycardia). -Mixed cardiomyopathies (genetic or nongenetic) including DCM and RCM (such as EMF). -Acquired cardiomyopathies, such as inflammatory myocarditis, due to a variety of causes (e.g., viral, bacterial, parasitic, toxic), peripartum cardiomyopathy (PPCM), and the Takotsubo syndrome, associated with stress.
In the second group, secondary cardiomyopathies, myocardial pathology is part of generalized multiorgan disorders. This exhaustive classification includes a large number of diseases, some of which were historically classified as tropical cardiomyopathies.
"Tropical" Cardiomyopathies

Endomyocardial Fibrosis (EMF)
Endomyocardial fibrosis (EMF), which was described by Davies in Uganda in 1948, is an RCM indistinguishable, from an anatomical point of view, from Löeffler's endocarditis which is seen in temperate regions. Both diseases are characterized by scarring of the endocardium and, to a lesser degree, of the myocardium. Löeffler's endocarditis and EMF differ, however, by the context in which they are diagnosed. The former is usually seen in temperate countries. It is consistently associated with substantial eosinophilia, which occurs either as part of an atopy or as a hypereosinophilic syndrome with expected damage to the heart. In contrast, EMF is seen exclusively in tropical countries [6] . Its prevalence is high in Uganda, Nigeria, the Ivory Coast, India, and Brazil. It accounts for 15% to 20% of heart failure deaths in these regions of the world. Contrary to Löeffler's endocarditis, EMF is primarily a disease of children and young adults, and its pathogenesis is not fully understood. The high prevalence of EMF in regions where helminth infections with substantial eosinophilia are also prevalent suggests that polynuclear eosinophils play a key role. Yet low levels of polynuclear eosinophils have been found at the time of EMF diagnosis, perhaps because in those cases EMF was a late stage of eosinophilic heart disease that had been caused initially, but a long time before, by a helminth infection [7, 8] . Other pathogenesis hypotheses include the protein deficiency induced by a cassava-based diet or the role of auto-immune myocarditis, which is supported by high levels of antibodies to myocardial cells in EMF patients [9] .
The clinical presentation of EMF depends on the location of the fibrosis. This allows distinction between right ventricular dominant forms with severe tricuspid regurgitation, left ventricular dominant forms characterized by severe mitral regurgitation with pulmonary hypertension, and biventricular forms. The prognosis is poor with a mortality rate of 75% within two years of diagnosis. The symptoms don't respond well to standard heart failure therapy. Corticosteroids and immunosuppressants can help in the early stages of the disease, but surgical endocardectomy with valve repair or replacement is the only alternative that might affect clinical progression. Survival under these conditions is estimated at more than 50% at 20 years with better results, from a functional point of view, with left heart than right heart dominant disease [10, 11] .
Peripartum Cardiomyopathy (PPCM)
Peripartum Cardiomyopathy (PPCM) is seen at all latitudes but is more prevalent in sub-Saharan Africa. It occurs between the last month of pregnancy and the five months after delivery, in previously healthy women without any cardiovascular disease (e.g., hypertension, valvular disease) before and during pregnancy. PPCM is rare (1 case/100,000 deliveries in western countries). In contrast, prevalence is high (>1/10,000) in tropical Africa. PPCM represents at least 10% of cardiomyopathies in Australian women and even more in sub-Saharan Africa where there is great geographical disparity. For example, the incidence is 1 case in 1000 deliveries in Nigeria [12] . The etiology and pathogenesis remain unknown, but risk factors have been proposed such as excessive dietary salt intake, selenium deficiency, twin pregnancy, or high parity. Many current studies attribute PPCM to autoimmune processes and excessive prolactin secretion, which would alter the anti-oxidative functions of protein STAT3, which causes cardiac apoptosis [13] . Bromocriptine treatment is consistent with this hypothesis.
Clinical presentation is that of congestive heart failure with severely decreased contractile function. The left ventricular ejection fraction is often less than 40% with left chamber enlargement, mitral regurgitation due to mitral valve annulus dilatation, and pulmonary edema. Intracardiac thrombus is common. PPCM is associated with complete recovery in 30% to 50% of cases or, in more than 30% of cases, irreversible DCM. Death can occur in 10% to 30% of cases during the acute phase. Prognostic factors have been identified, such as the NYHA (New York Heart Association) grades or a high level of C-reactive protein. Recurrence is possible after a subsequent pregnancy, with a much greater risk of progression toward terminal heart failure [14] , especially if the heart has not completely recovered after the first episode. As in the case of any DCM, there is a constant risk of hemodynamic complications, arrhythmia, and thrombo-embolism. Management consists of a strict salt-free diet, bed rest, and the standard heart failure medications. This treatment must be administered for at least one year after resolution of the first episode to avoid relapse. The patient should be advised against a subsequent pregnancy.
Cardiomyopathies Associated with Anemia
Cardiomyopathies associated with anemia are common in Sahel and sub-Saharan Africa. They occur primarily in young women and young children. The anemia is usually severe (30 -50 g/L hemoglobin) and due to a variety of causes: visceral or puerperal hemorrhage, parasitic disease (e.g., malaria, ankylostomiasis), iron deficiency, hemoglobinopathy, or tropical splenomegaly with hypersplenism. The clinical presentation is that of heart failure with increased cardiac output. Left ventricular contractile function often shows only a moderate decrease on echocardiography. The clinical course is most often favorable when the anemia is corrected.
The genetic forms of sickle-cell anemia SS occur in most African countries where their prevalence can reach, in some countries, more than 20% of the population. Note that sickling and vascular obstruction, an expected complication of sickle-cell anemia, have no effect on myocardial function or coronary circulation [15] . Myocardial perfusion abnormalities were revealed by thallium-201 scintigraphy [16] , but echocardiographic studies on sickle-cell anemia patients showed ventricular dilatation with preserved global and segmental contractility [17] . In many patients, a thickening of the ventricular walls and diastolic dysfunction correlated with the time since the onset of disease [17, 18] . Neither hydroxyurea presumptive antirelapse therapy nor correcting the anemia has any effect on echocardiographic parameters. This parietal hypertrophy could explain the myocardial perfusion abnormalities observed in the scintigraphy studies.
Nutritional Cardiomyopathies
Nutritional cardiomyopathies occur in Southeast Asia in populations on rice-based diets, displaced populations, and prisoners. Beriberi heart disease is the best example [19] . It is associated with thiamine (vitamin B1) deficiency. It is a disease of poverty sometimes aggravated by chronic alcoholism [20] . The vitamin deficiency leads first to a systemic vasodilation, which causes increased cardiac output. As in the case of anemia-associated cardiomyopathies, a substantial increase in cardiac output is associated with hyperkinetic ventricular walls findings by echocardiography. In the most severe forms, the contractile function is drastically impaired and patients go into shock with oligo-anuric renal failure, mimicking Shoshin beriberi as reported by Japanese authors. Thiamine deficiency is frequently accompanied by neuronlogical damage such as peripheral polyneuropathy or Gayet-Wernicke encephalopathy. The diagnosis is often Open Access WJCS
based on the context and clinical presentation. The treatment is based on parenteral thiamine supplementation (500 mg/day) followed by oral administration as soon as hemodynamic stability is restored. Without this treatment, standard heart failure therapy is ineffective and the mortality rate high. The mechanism of heart damage during helminthiasis involves the destructive role of eosinophil granule constituents. This is the case for some endemic tropical helminthiases (schistosomiasis, filariasis) thought to be associated with EMF in west and central African countries, and for other helminthiases (trichinosis, toxocariasis) that cause severe eosinophilia and rare cases of acute myocarditis.
During such a cardiopathy, activated eosinophils mediate cytotoxicity because of the basic proteins contained in their cytoplasmic granules (cationic protein and Major Basic Protein). These proteins, produced in substantial quantity, have a toxic effect on the parasites but also on the tissues. The central nervous system and the heart are the main organs affected [21, 22] . Cationic protein has been shown to have a procoagulant activity. The eosinophils, whose production and life span are regulated by cytokines (IL-5, IL-3, GM-CSF), produce interleukin-5, interferon-alpha and TGF-alpha, which stimulate fibroblasts and mediate collagen deposition. The identification, in cardiac biopsies, of degranulated eosinophils, Major Basic Protein, and cationic protein lends support to polynuclear eosinophil cytotoxicity playing a role in the pathogenesis of heart damage [23] .
Protozooses
1) Malaria Impaired cardiac output, increased circulating concentration of cardiac proteins (NT-pro BNP, troponin-T, myoglobin and creatine kinase muscle-brain fraction) were reported in severe falciparum malaria [24, 25] . These findings have not yet been linked to cardiac dysfunction and they need further investigation. However, more serious complications such as pulmonary edema can occur during cerebral malaria. This pulmonary edema does not have a cardiac origin (pulmonary capillary pressure remains normal). It is caused by an acute respiratory distress syndrome or secondary to fluid overload induced by hypertonic perfusion which should be avoided during treatment of severe falciparum malaria [26] .
2) Trypanosomiasis The clinical presentation of human American trypanosomiasis or Chagas disease has two variants. The first is early-stage acute myocarditis, often latent, at the time of initial infection. The second is late-stage chronic cardiomyopathy, which is the reason why Chagas disease is such a serious cardiomyopathy. Manifestations include conduction abnormalities, non-specific repolarization changes, ventricular arrhythmia that can be revealed by sudden death, and alterations in global and regional left ventricular contractility. Half or more of the symptomatic patients have a left ventricular apical aneurysm and other segmental contractile abnormalities similar to those seen in coronary heart disease [27] . Ventricular dysfunction and apical aneurysm explain the high prevalence of cardioembolic stroke in Chagas disease in endemic countries [28, 29] .
The parasite can be detected in cardiac myocytes but the low parasite load suggests that it cannot be the direct cause of the disease: there are several arguments in favor of myocarditis associated with conflicting immunological reactions involving parasite compounds and heart proteins. The blood of patients contains antibodies to myosin, a key protein in cardiac cell contractility. These antibodies react not only with myosin, but also with Trypanosoma chagasi protein B13. In the myocardium, the identification of lymphocyte infiltrates lends support to the hypothesis that an auto-immune reaction could be involved. Structural similarity has been observed between the cardiac receptors that stimulate the cardiac rhythm in response to adrenalin and protein PO from parasite ribosomes. These arguments are still not sufficient to assert that Chagas disease cardiomyopathy is a parasiteinduced auto-immune disease. A particular difficulty is determining whether the detected antibodies are the cause or the consequence of heart damage.
The heart damage of human African trypanosomeasis has been known since the first clinical descriptions of Le Dantec, but data remain fragmented. The mechanism of heart damage probably has an auto-immune origin like in Chagas disease. Heart damage is most often diagnosed upon a first, severe manifestation that can be fatal (acute pulmonary edema, syncope, cardiac arrest). In the absence of complications, there is a dearth of clinical signs: muffled heart sounds and paradoxical tachycardia in late-stage patients who present with bradycardia due to autonomic nervous system damage. Cardiac enlargement has been described in one third of cases. Electrocardiographic abnormalities, observed in half the patients at all stages of the disease, are low voltage, conduction abnormalities (atrioventricular block and branch block), repolarization abnormalities (ST-T abnormalities, TOpen Access WJCS
wave flattening), and prolonged QT interval induced by trypanocide treatment. Conduction abnormalities fluctuate over time and, in some cases, regress with corticosteroid treatment [31, 32] . The link between Trypanosoma brucei gambiense infection and African primary cardiomyopathies has been discussed because elevated serum levels of anti-trypanosome antibodies have been observed in DCM patients in Cameroon [30] .
Primary Cardiomyopathies
Dilated Cardiomyopathy (DCM)
Dilated cardiomyopathy (DCM) is observed in 20% to 50% of patients hospitalized for heart failure [31] [32] [33] . It affects a majority of men between the ages of 30 and 40.
The diagnosis of primary DCM is a challenge in the absence of coronary angiography or endomyocardial biopsy. These invasive tests are seldom available in developing countries, therefore DCM is often diagnosed after excluding other known causes and external risk factors, and based on compatible history, clinical and paraclinical evidence. In addition to infections at the origin of inflammatory processes (e.g., coxsackievirus, HIV), multiple and sometimes intertwined mechanisms can be involved, such as auto-immune disease, iron overload, alcoholism, malnutrition, and selenium deficiency [20, 32, 34] . Alcohol probably plays a substantial role, given the considerable increase in beer consumption in intertropical Africa in the past three decades. Thus, alcohol might be the cause of nearly 45% of DCM cases in Nigeria. This scourge is all the more ominous because it is associated in many cases with other addictive behaviors (e.g., cocaine, khat) known for their cardiac toxicity. In rural areas, substantial moonshine consumption is responsible for hemosiderosis in South African Bantu populations. Familial DCM, genetically determined by autosomal dominant or recessive genes, or associated with the X chromosome, accounts for 30% of cases. Idiopathic DCM forms have been linked to HLA, DR-1, and DRw10 antigens in South African patients [35] .
Hypertrophic Cardiomyopathy (HCM)
Hypertrophic cardiomyopathy (HCM) has long been considered rare in sub-Saharan Africa. This myth was put to rest when echocardiography became available in most African countries [36] . HCM is as common as anywhere else, with asymmetric septal, apical, or concentric forms, obstructive or not. It is genetically transmitted with the same autosomal dominant pattern as elsewhere and identical mutations of the genes that code for the sarcomere proteins (e.g., beta-MHC, A797T) [37] . Prevalence is not well known in the absence of large epidemiological studies and in medical practice in the tropics it is not easy to differentiate primary from secondary cardiomyopathies (e.g., arterial hypertension, renal insufficiency, amyloidosis). 
Arrhythmogenic Right
Left Ventricular Noncompaction (LVNC)
Left ventricular noncompaction (LVNC), a recently recognized entity, has been reported in African patients. It arises from a lack of ventricular myocardium compaction during embryo development. It results in the persistence of trabeculations and intertrabecular recesses, which contribute to left ventricular dilatation and hypokinesis [40] .
Takotsubo Syndrome
Takotsubo syndrome was originally described as a stressinduced dysfunction of the left ventricular apex. The pathogenesis is likely to be catecholamine mediated myocyte damage and microvascular dysfunction; however, other alternative theories have been suggested including oxidative stress, transient coronary obstruction, and estrogen deficiency. The clinical presentation is similar to that of an acute myocardial infarction with chest pains and broad T-wave inversions sometimes preceded by ST-segment elevation leading to an initial diagnosis of acute myocardial infarction. So far it has not been described in the tropics, but cases have been reported in the United States among African-Americans [41, 42] .
Nosology of Tropical Cardiomyopathies
With the diagnostic tools now available in most tropical countries, as well as genomics and molecular biology advances, it is clear that tropical cardiomyopathies don't differ much from those seen elsewhere. This is true for primary cardiomyopathies (e.g., DCM, HCM, ARVC/D) and the majority of secondary cardiomyopathies. Nutritional cardiomyopathies present no specific clinical features except for environmental factors which explain the higher prevalence in malnourished populations. PPCM differs from what is observed elsewhere by a high prevalence and a high mortality rate. Parasite-associated cardiomyopathies apparently boil down to myocardial injury from trypanosomiasis and the deleterious effects of parasite-associated hypereosinophilia. EMF, which is not very different from Löeffler's endocarditis, would simply be the end stage of prolonged hypereosinophilia induced by helminth infection in predisposed patients.
In this context, the concept of tropical cardiomyopathy introduced by Shaper in 1967 is not really relevant. Most of cardiomyopathies seen in tropical countries fit in the classification proposed in 2008 by the European Society of Cardiology, which reflects a simpler approach [43] . The new definition for cardiomyopathy is as follows: "A myocardial disorder in which the heart muscle is structurally and functionally abnormal, in the absence of coronary artery disease, hypertension, valvular disease, and congenital heart disease." This definition excludes secondary cardiomyopathies of known etiology and channelopathies. It retains only five cardiomyopathy types identified according to their morphological phenotype (HCM, DCM, ARVC/D, RCM, and unclassified cardiomyopathy), whether or not they are familial and whether or not the heart is the sole organ affected by the disease.
Clinical Implications
Given that most of the cardiomyopathies seen in tropical countries, mainly in Africa, have no specificities except for a few of them (Chagas disease, PPCM, EMF, nutritional cardiomyopathies), the clinical approach merely needs to be adapted to the local conditions. Wherever diagnostic tests are limited, echocardiography should be the first diagnostic step. It yields morphological data that allows distinction between DCM, HCM, and RCM. Next, the prevalent or potentially curable tropical cardiomyopathy causes must be excluded. These include anemia, nutritional deficiencies, or HIV infection for DCM; hypertension, renal insufficiency for HCM; and EMF for RCM. A primary cardiomyopathy diagnosis may then be considered and may justify, depending on available means, a more thorough etiological and pathological investigation. The treatment follows the same rules as elsewhere, although in most tropical countries it is not possible for patients to consider an implantable defibrillator, let alone a transplantation [44] .
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